OBJECTIVES. This prospective longitudinal study aims to determine which simulated driving tasks of a personal computer (PC)-based driving simulator can be used to identify problematic older drivers, using their 3-year driver violation points record as the outcome measure.
T he independence of older persons to live in the community will be severely compromised if they are unable to continue driving (Andiel & Liu, 1995) . Occupational therapists have made significant contributions in helping disabled and older people to drive safely (Galski, Ehle, & Willliam, 1997; Lloyd et al., 2001) . In 2002, the American Occupational Therapy Association acknowledged the importance of driver rehabilitation and nominated it to be among the top 10 emerging practice areas for the occupational therapy profession. The challenge is to develop appropriate evaluation methods of identifying those drivers at high risk of traffic violations and to provide effective intervention as early as possible (Lee, Lee, Cameron, & Li, 2003) .
Driving performance of the older population has been investigated by simulator technology (Rizzo, McGehee, Dawson, & Anderson, 2001 ). The relatively small size of the monitor display, together with the nature of the computer-generated stimuli, have somewhat limited the simulator in assessing driving tasks that require the use of visual details in complex traffic scenarios. Nevertheless, low-cost personal computer (PC)-based simulators can effectively measure cognitive and perceptual abilities in driving (Janke, 2001 ). Lee, Lee, Cameron, and Li (in press) showed that it is possible to differentiate older drivers with various levels of visual attention skill by using a driving simulator. validated a driving simulator to measure on-road driving performance and reported that observations from simulated driving assessment could explain over 67% of on-road driving behavior. A retrospective study further found that older drivers at inflated risk of crashes could be identified through simulated driving criteria. The results confirmed that cognitive skills such as working memory, ability to make rapid decisions, judgment under time pressure, and confidence in driving at high speed, were associated with the crash event. The aim of this prospective longitudinal study was to investigate the sensitivity of a driving simulator in identifying problematic older drivers based on their 3-year driver violation point records. A longitudinal design was adopted because the study could be better controlled and hence provide a more reliable source of evidence than retrospective studies. Although the violation point system varies from state to state and points penalized do not necessarily reflect the severity of driving delinquency, a license will be revoked in this state when 12 violation points are accrued within 2 years.
Methods

Participants and Procedure
Ethics approval from the researchers' institution was obtained prior to commencement of the study. During October 2000, 129 older drivers residing in Perth, Western Australia, and ages 60 years or older, volunteered to take part in the study. The participants were required to hold a valid driving license. Each assessment included a 30-minute initial interview, a 45-minute simulated driving session, and a 20-minute postassessment feedback session. A laboratory technician, who was blinded to the driving history of the participants, monitored the simulated driving assessment. In the event that the performance of a participant indicated unsafe driving practice as judged by the principal investigator, free counseling and advice were available. With the permission of the individual concerned, a follow-up referral involving an occupational therapist would be arranged to address the issue.
At the initial interview, the frequency of motor vehicle crashes and traffic violations were collected from each participant. Confidentiality on the information provided was assured. Written authorization to access official driving records was sought from all participants. Immediately after the simulated driving session, their driver violation points for the current year were retrieved. Driver violation points incurred during the following 2 years were subsequently retrieved in October 2001 and October 2002. Self-reported recall of driver violation points and average weekly driving exposure were also obtained via telephone interview at the same time points.
Simulator Driving Tasks
The STISIM Driving Simulator (Allen, Stein, Aponso, Rosenthal, & Hogue, 1990; was used to study the behavior of the participants. Based on the task analysis process described by Levine and Brayley (1991) , a computer program was developed and previously tested to simulate and assess 10 driving tasks specifically for testing older adults. A consensus panel, consisting of occupational therapists, geriatricians, clinical psychologists and experienced driving instructors, was consulted on the appropriateness of the driving tasks being applied to the older population. After the tasks were developed and trialled with older drivers, the panel was reconvened to fine-tune the scoring mechanisms. Table 1 provides a brief description of the driving tasks and associated scoring mechanisms. answer, up to maximum of 8) Sequence of maneuvers on a route on a road map to a fictitious park in (3: in perfect order; 2: 2-3 correct; 1: 1 correct and 0: 5 minutes and recall them after 10 minutes' none correct) simulated driving Multi-Tasks: Starting with a nominal total of Correct answer to the visual stimulus of "SUBTRACT" 100, take away "5" every time the "SUBTRACT" sign (1) billboard comes out. Fifteen billboards with "SUBTRACT" sign were posted along the road Speed Compliance: Observe and maintain a Number of tokens received when the driving speed is speed close to the posted speed limits (40, 45, close to the designated speed (± 3 miles/hr) and 70 miles/hr), which vary according to traffic conditions Visual Attention Tasks: Signal the traffic indicator Responses to the change of Visual Attention Symbol when the "diamond" shapes on the monitor to "triangle" shapes screen change to "triangle" shapes incidentally for 15 seconds
The driving task measures of driving speed, use of indicator, decision and judgment, speed compliance, and visual attention tasks were automatically recorded by the simulator computer whereas the remaining five measures were collected by the laboratory technician.
Statistical Analysis
All data were coded and analyzed using STATA version 8 (Stata Corporation, 2003) . A threefold analytic approach of descriptive statistics, reliability check, and inferential analysis was adopted. Reliability of the driving task measure scales was assessed by Cronbach alpha coefficient. The repeated measure of driver violation points was the main outcome variable of interest. In view of the dependency of the observations, hierarchical Poisson regression analysis based on generalized estimating equations (Hardin & Hilbe, 2002) was undertaken to determine a subset of the simulated driving tasks affecting the frequency of traffic violations over the 3-year period. The method is an extension of standard Poisson regression to handle the hierarchical data (repeated outcomes from the same subject). It accommodates the inherent correlation of the repeated observations clustered within a subject and provides robust standard errors for the Poisson regression coefficients, so that correct inferences can be made. A statistically significant relationship would provide evidence of validity of the simulator to successfully identify older drivers at inflated risk of traffic violations.
Results
Descriptive Analysis
The age of the 129 participants ranged between 60 and 88 years (mean 72.9, SD 7.1), and 22% of the drivers were female. The self-reported estimated driving hours per week for each individual did not vary significantly throughout the 3-year period (overall mean 11.22; SD 8.56), according to repeated measures analysis of variance (ANOVA) (p = 0.455). Shopping and social activities were the most common reasons that participants drove. Around 12% of them were either courier workers, taxi or truck drivers prior to retirement, which required driving a vehicle regularly. According to the state records, all participants incurred at least one driver violation point within the past 3 years, whereas the maximum yearly point count was five. The most common reason of traffic violation reported by the participants was speeding. Despite 9% of participants developing and reporting some degree of simulator sickness such as mild dizziness during the simulated driving session, the symptoms only lasted for a short time and did not prohibit them from undertaking the assessment. None of the participants requested or was required a follow-up referral or counseling.
Reliability Check
The measurement properties of the 10 simulated driving tasks were next examined. The Cronbach alpha coefficient was found to be 0.742, confirming the internal consistency of the scales that measured performance in the simulated driving tasks. As expected, there was substantial negative correlation between each measure and the age of participants (correlation ranged from -0.303 to -0.596), suggesting that simulated driving performance could deteriorate with increasing age.
Inferential Analysis
The objective was to identify a subset of simulated driving tasks related to the official and self-reported records of driver violation points. Six of the 129 participants could not be contacted at second or third year, or both, resulting in N = 380 observations and a loss-to-follow up rate of 4.7%. The agreement between the self-reported and state records was significantly strong (Kappa statistic = 0.72, p = 0.001), although 48 out of the 380 self-reports (12.63%) yielded lower count than the corresponding official records. Results of the hierarchical Poisson regression analysis of state data are presented in Table 2 . Adjusting for age, gender, and individual driving exposure, performance in driving tasks involving working memory and use of indicator was found to be significantly associated with the driver violation points. Goodness of fit of the hierarchical Poisson regression model was satisfactory (Chisquare = 362.19, p = 0.561). The 11 participants suffering simulator sickness were next excluded, but neither the model fit nor the significance of the variables could be affected by eliminating these observations. Analysis of the self-reported data also produced similar results and was omitted from the reported results for brevity.
Discussion
In this study, appropriate driving tasks were chosen to test older drivers using a PCbased driving simulator. Ten internally consistent measures of driving task were used to assess each participant's performance in these tasks. The negative correlation between individual assessment score and age confirmed that driving skills generally decline with age (Brayne et al., 2000) . The overall agreement between the self-reported and officially recorded driver violation points was significantly strong, although the self-reported data yielded fewer counts than the corresponding state records. While the volunteered participants should have no apparent reason to provide untrue information, their recall of driving history cannot be guaranteed (Voelker, 1999) . This longitudinal study further investigated the identification of older drivers at inflated risk of adverse traffic events. The hierarchical Poisson regression analysis showed that appropriate use of indicator would reduce the incidence rate of traffic violations. The ability to use the vehicle indicator properly requires well-timed reaction (Ball & Rebok, 1994) and dexterous motor coordination (Bourwer & Ponds, 1994) , which may deteriorate with physiological aging and affect driving skills (Graca, 1986; Sims, McGwin, Allman, Ball, & Owsley, 2000) . The positive association between working memory and driver violation points is also logical, because drivers with good working memory and confidence tend to drive above the speed limit . The results are also consistent with previous findings that driving simulators can reliably reflect on-road driving behaviors and functions . Our findings suggest that practitioners should target working memory and correct use of indicator when assessing older adults for safe driving.
It should be remarked that the driver violation points retrieved did not reflect the severity of the traffic offence(s) committed (e.g., driving through a red light versus several minor speeding violations). Nevertheless, the official point record system does provide a reliable source of driver violations over a specific time period.
Limitations of the study included unequal gender distribution. Therefore, gender was controlled for in the hierarchical Poisson regression analysis. The participants who volunteered for this study cannot be taken as representative of the population of older drivers, because the sample was not randomly selected but only covered some sectors of the community. Selection bias was therefore unavoidable in the recruitment of the participants. However, random sampling was neither possible nor practical in this type of study.
At the present time, PC-based simulators can generate sufficiently complex traffic scenarios comparable to the on-road environment and conditions. This prospective longitudinal study confirms that a relatively low-cost driving simulator can be used by occupational therapists as an offroad screening tool to identify older drivers at risk of traffic violations. With further research, the authors believe such simulator technology can also be employed for training incompetent drivers.▲
